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Abstract

Background/aims: Functional dyspepsia (FD) is often comorbid with sleep disturbance. However, it is not fully
understood how sleep disturbance affects the pathophysiology of FD. We aimed to investigate the relationship
between FD and sleep disturbance.

Methods: We prospectively enrolled 20 FD patients with sleep disturbance between December 2018 and July 2019.
Patients took sleep aids for 4 weeks and filled out questionnaires before and after taking sleep aids. Pittsburgh Sleep
Quality Index (PSQI), Epworth Sleepiness Scale (ESS), and Athens Insomnia Scale (AIS) were used to evaluate the
severity of their sleep disturbance. Modified Frequency Scale for the Symptoms of Gastroesophageal Reflux Disease
(mFSSG), Gastrointestinal Symptom Rating Scale (GSRS), and the Japanese version of Patient Assessment of Constipa-
tion Quality of Life (JPAC-QOL) were used to evaluate the severity of GI symptoms. Short-Form 36-Item Health Survey
(SF-36) was used to evaluate QOL. Pre- and post-sleep medication values of questionnaires were compared.

Results: Among 20 enrolled patients, 16 completed the study protocol. Zolpidem, eszopiclone, and suvorexant were
administered to six, nine, and one patient, respectively. Each median total score of questionnaires (pre-/post-sleep
medication, respectively) was as follows: PSQI, 10.0/8.5; ESS, 12.5/5.0; AIS, 10.0/4.0; mFSSG, 21.0/16.0; GSRS, 44.0/31.0
(Pain in GSRS, 11.0/5.0); JPAC-QOL, 26.0/15.5; SF-36, 63.9/71.9. All of these results showed statistically significant differ-
ences between pre- and post-sleep medication (p < 0.05).

Conclusions: Improvement of sleep disturbance by administration of sleep aids resulted in improvement of Gl
symptoms and QOL in patients with FD. This effect may be related to pain modification.

Keywords: Functional dyspepsia, Sleep disturbance, Sleep aids, Gastrointestinal symptoms, Quality of life

Introduction

It is well known that many patients with functional gas-
trointestinal (GI) disorders have sleep disturbance [1-3].
Functional dyspepsia (FD) is a functional GI disease that
is also frequently comorbid with sleep disturbance [4, 5].
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However, most studies have just pointed out an associa-
tion between GI symptoms and sleep disturbance, and
only a few studies have focused on how GI symptoms
change by improvement of sleep disturbance. As with
gastroesophageal reflux disease (GERD) and irritable
bowel syndrome (IBS), melatonin potentially improves
symptoms in adult patients with FD [6]. However, the
effect of melatonin on FD could not be confirmed in
pediatric patients [7]. It is unclear how melatonin can
improve symptoms of FD in adult patients and why
such an effect could not be seen in pediatric patients. In
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addition, other kinds of sleep aids have not been evalu-
ated in terms of relationship between FD symptoms and
sleep disturbance. Thus, how sleep disturbance is related
to the pathophysiology of FD remains unclear.

In terms of pathogenesis of GI symptoms caused by
sleep disturbance in patients with GI disorders, Schey
et al. showed that sleep disturbance can induce esopha-
geal hypersensitivity in patients with GERD [8], and that
PPIs can improve esophageal hypersensitivity induced
by acid reflux events. In fact, ramelteon, a melatonin
receptor agonist, has been reported to improve GERD-
related as well as sleep-related symptoms [9]. Therefore,
sleep disturbance could cause visceral hypersensitivity in
patients with FD.

The aims of this study were to investigate the effect of
sleep medication on GI symptoms in patients with FD
and to clarify the relationship between FD and sleep
disturbance.

Materials and methods

Subjects

A total of 20 consecutive patients with both FD and sleep
disturbance were enrolled prospectively. All patients met
the criteria of Rome IV for Functional Dyspepsia [10]. All
patients had sleep disturbance with a total score of more
than 5.5 in the Pittsburgh Sleep Quality Index (PSQI)
[11]. Patients who had a history of GI surgery, those who
had taken sleep aids, those who had changed therapy for
FD except sleep aids during the study period, and those
who were younger than 20 years old were excluded from
the present study.

All patients gave written informed consent for this
study, which was performed in accordance with the Hel-
sinki Declaration. The study protocol was approved by
the Institutional Review Board at Gunma University Hos-
pital, Kohseichuo General Hospital and Osaka City Uni-
versity Graduate School of Medicine.

Questionnaires

All patients were asked to fill out questionnaires to assess
sleep quality, GI symptoms, mental illness, and quality of
life (QOL).

Pittsburgh Sleep Quality Index

Sleep disturbance was evaluated by the Pittsburgh Sleep
Quality Index (PSQI) [12], which consists of 17 individ-
ual items grouped into the following seven components:
subjective sleep quality, sleep latency, sleep duration,
habitual sleep efficacy, sleep difficulty, hypnotic use, and
daytime dysfunction. Each category receives a score of
0-3 (max total score 21). A higher total score indicates
poorer sleep quality. The Japanese version of the PSQI
has been validated and was used in the present study

Page 2 of 10

[11]. A total PSQI score of more than 5.5 was considered
to indicate the presence of sleep disturbance [11].

Epworth Sleepiness Scale

The Epworth Sleepiness Scale (ESS) is a self-report
instrument for measuring a patient’s daytime sleepiness
[13]. It consists of eight questions, with a 4-point scale
(scored 0-3) being used for each question. The total score
is the sum of points from each question (i.e., 0—24) with
a higher score indicating stronger subjective daytime
sleepiness. The Japanese version of the ESS (JESS) has
been validated and was used in the present study [14].

Athens Insomnia Scale

The Athens Insomnia Scale (AIS) was created to assess
the severity of insomnia on the basis of the ICD-10
diagnostic criteria for insomnia [15]. The AIS consists
of eight items rated on a 4-point scale (0=on problem
at all, 1=slightly problematic, 2=markedly problem-
atic, 3=extremely problematic). The cutoff score used
to identify pathological insomnia was previously deter-
mined as a score of 6 points [16]. The Japanese version of
the AIS has been validated and was used in the present
study [17].

Modified Frequency Scale for the Symptoms of GERD

The Frequency Scale for the Symptoms of GERD (FSSG)
is a questionnaire used to diagnose GERD and assess the
response to treatment [18]. The modified FSSG (mFSSG)
can assess both reflux-related and dyspepsia-related
symptoms [19]. The mFSSG consists of 14 items, divided
into seven items relating to reflux symptoms and seven
relating to dyspepsia symptoms. A higher total score
indicates more severe GERD or dyspepsia-related symp-
toms. We utilized the mFSSG in the present study.

Gastrointestinal Symptom Rating Scale

The Gastrointestinal Symptom Rating Scale (GSRS) is
used to evaluate general GI symptoms and consists of 15
items rated on a 7-point Likert scale [20]. The 15 items
cover five subscales (reflux, abdominal pain, indigestion,
diarrhea, and constipation).

Constipation Scoring System

The Constipation Scoring System (CSS) is used to eval-
uate the prevalence and severity of constipation [21].
The scoring system contains eight variables: frequency
of bowel movement, difficult or painful evacuation,
completeness of evacuation, abdominal pain, time per
attempt, use and type of assistance (including laxatives,
digitations, or enemas), number of unsuccessful attempts
at evacuation in a 24-h period, and duration of constipa-
tion. The CSS consists of seven items scored on a 5-point
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Likert scale from O (none of the time) to 4 (all of the
time), and one item (use and type of assistance) rated on
a 0-2 scale. The total score can range from 0 (normal) to
30 (severe constipation), and a cutoff score of 15 suggests
constipation.

Patient Assessment of Constipation Quality of Life

Patient Assessment of Constipation Quality of Life
(PAC-QOL) is used to measure the QOL in patients
with constipation [22]. The PAC-QOL consists of 28
items grouped into four subscales (physical discomfort,
psychosocial discomfort, worries and concerns, and
satisfaction). The first three subscales provide a patient
dissatisfaction index, with an overall score from 0 to 96
(lower scores correspond to better QOL). The satisfac-
tion subscale includes four items with a global score from
0 to 16. Each patient’s self-reported definitive outcome is
defined as poor (0—4), fairly good (5-8), good (9-12), or
excellent (13-16). The Japanese version of the PAC-QOL
(JPAC-QOL) has been validated and was used in the pre-
sent study [23].

Hospital Anxiety and Depression Scale

The Hospital Anxiety and Depression Scale (HADS) is
used to evaluate anxiety and depression [24]. HADS is
divided into an anxiety subscale (HADS-A) and a depres-
sion subscale (HADS-D). Each subscale contains seven
items that are scored from 0 to 3, which give a total sub-
scale score from 0 to 21. A higher HADS score indicates
that the person is more depressive or more anxious. The
Japanese version of the HADS has been validated and
was used in the present study [25].

Medical Outcome Trust 36-Item Short-Form Health Survey
The Medical Outcome Trust 36-Item Short-Form Health
Survey (SF-36) is used to evaluate health-related QOL
in general. Items contribute toward assessment of eight
components: physical functioning (PF), role physical
(RP), bodily pain (BP), general health (GH), vitality (VT),
social functioning (SF), role emotional (RE), and mental
health (MH). The Japanese version of the SF-36 has been
validated and was used in the present study [26].

Study protocol

Patients were asked to fill out their questionnaires before
and 4 weeks after taking sleep aids. Zolpidem, suvorex-
ant, or eszopiclone were administered as sleep aids.
Although acid-secretion inhibitors or prokinetics had
already been administered in almost half of the patients,
during the study period treatments for FD were not
changed.

Page 3 of 10

Sleep aids

There are several types of insomnia such as sleep onset
insomnia, sleep maintenance insomnia and insomnia
with early morning awakening. Zolpidem is used for
sleep onset insomnia and eszopiclone and suvorexant can
be used for both sleep onset insomnia and sleep mainte-
nance insomnia [27]. The potential for abuse and adverse
events may be lower with suvorexant than with benzo-
diazepine receptor agonists [27-29]. Therefore, in this
study the attending physician evaluated and selected the
best sleep aid for the patients based on types of insomnia,
patient age and comorbidities. The doses of these sleep
aids were determined according to the Japanese pack-
age inserts of the drugs. Among the 16 patients, zolpi-
dem, eszopiclone, and suvorexant were administered for
4 weeks in six, nine, and one patient, respectively.

Primary and secondary outcomes

The primary outcomes of the study were whether or
not the average change in dyspepsia scores in mFSSG
had improved by 40% by administration of sleep aids,
and whether the scores in mFSSG were significantly
decreased by administration of sleep aids. The secondary
outcomes were changes in other gastrointestinal symp-
toms, quality of life and depression mode. In addition,
presence and improvement of sleep disturbance were
confirmed by three kinds of validated questionnaires.
It is known that many patients with FD have also other
functional diseases, such as IBS or chronic constipation.
Therefore, changes in other GI symptoms, such as consti-
pation or diarrhea, were also evaluated.

Sample size

Jha et al. reported that the score of reflux symptoms in
GSRS in patients with GERD were improved by 40% with
administration of ramelteon (8 mg per day) for 4 weeks;
therefore, we have assumed that dyspepsia symptoms
in mFSSG in patients with FD will also be improved by
40% with sleep aids [9]. With a standard deviation of 0.5,
a power of 80%, and level of significance of 5% using the
paired t-test, it was calculated that a sample size of 15 is
needed. A total of 25% of patients could be excluded from
the study, meaning that 20 patients were required for the
purposes of the present study.

Statistical analysis

Data in the text are presented as medians and interquar-
tile range (IQR) unless stated otherwise. The Wilcoxon
signed-rank test was used for comparing scores in ques-
tionnaires before and 4 weeks after taking sleep aids as
appropriate. A p value of less than 0.05 was considered
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statistically significant. Statistical analyses were per-
formed by SPSS Statistics ver. 25 (IBM, Armonk, NY,
USA).

Results

Patients’ characteristics

Of the 20 patients in total, four were excluded from the
analysis. One patient had excessive sleepiness after talk-
ing a sleep aid and thus could not tolerate taking it for
4 weeks. Three patients refused to take a sleep aid after
agreeing to participate in the study. Thus, a total of 16
patients were evaluated in the present study. All analyzed
subjects were cared for by an author (FN).

Of these 16 patients, nine were classified with post-
prandial distress syndrome (PDS) and seven with epigas-
tric pain syndrome (EPS). Nine patients had symptoms
related to non-erosive GERD (NERD), IBS and chronic
constipation. They were classified as having overlap syn-
drome. Four patients had constipation; however, none
had diarrhea. Eight patients took acid-secretion inhibi-
tors and 10 took prokinetics before and during the study;
these medications were not changed during the study
(Table 1).

Effect of sleep aids on sleep disturbance

Sleep disturbance was significantly improved by 4-week
administration of sleep aids. Median total scores changed
from 10.0 to 8.5 points in PSQI, 12.5 to 5.0 points in
ESS, and 10.0 to 4.0 points in AIS, respectively (p <0.05)
(Table 2). Although the PSQI contains an item regard-
ing the frequency of taking sleep aids (more than three
times per a week =3 points), the scores after taking sleep
aids, even including the item (3 points), were signifi-
cantly lower than those before taking sleep aids (p <0.05).
Therefore, sleep condition became almost normal after
sleep aids administration in PSQL

Effect of sleep aids on Gl symptoms

The average change in dyspepsia scores and the 95% con-
fidence interval for difference of means in mFSSG by
sleep aids administration was —37.8% [—63.4, —12.2]
(p<0.01). Since data was not normally distributed, the
median change was —44.1% (Table 3).

Other GI symptoms were also significantly improved
by a 4-week administration of sleep aids. The median
total scores showed statistically significant improvement
from 21.0 to 16.0 points in mFSSG and from 44.0 to 31.0
points in GSRS (p<0.05). Reflux and dyspepsiascores
in mFSSG, and reflux, abdominal pain, and indigestion
symptoms in GSRS were significantly improved (p < 0.05)
(Table 3) (Fig. 1). The total score of CSS was unchanged.
The median total score for the JPAC-QOL after adminis-
tration of sleep aids improved: all subscale items showed
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Table 1 Baseline patient’s characteristics and breakdown
of the concomitant drugs

FD
Number
of patients.
(%)
Baseline patient’s characteristics
Total number of patients 16
Age, median [IQR], years old 57142,73]
Male:female 6:10
Subtypes of FD
PDS 9(474)
EPS 7 (52.6)
Overlap symptoms
With NERD 5(13)
With IBS-C 3(18.8)
With chronic constipation 1(6.3)
Concomitant drugs
Acid secretion inhibitor
Esomeprazole magnesium hydrate 5(31.3)
Vonoprazan fumarate 3(18.8)
Prokinetic agents
Itoplide hydrochloride 2(12.5)
Acotiamide hydrochloride hydrate 16.3)
Herbal medicine
Rikkunshito 6 (37.5)
Laxative
Magnesium oxide 1(6.3)
Stool stabilizer
Polycarbophil calcium 1(6.3)

FD functional dyspepsia, PDS post-prandial distress syndrome, EPS epigastric
pain syndrome, NERD non-erosive reflux disease, IBS-C irritable bowel syndrome
with constipation, /QR interquartile range

improved scores after 4 weeks of sleep aids (p<0.05)
(Table 3).

Effect of sleep aids on psychological condition
Psychological status was significantly improved by a
4-week administration of sleep aids. The HADS total
score showed a statistically significant improvement
from 13.0 to 12.5 points after taking sleep aids (p <0.05)
(Table 4). Although depression scores did not change,
anxiety scores were improved significantly (p <0.05).

Effect of sleep aids on QOL

The baseline scores for BP, GH, and VT showed lower
scores than the other subscale items. SF-36 showed sta-
tistically significant improvement of the median total
score from 63.9 to 71.9 points after 4 weeks of tak-
ing sleep aids (p<0.05) (Table 4). The median scores
for PF, BP, and SF also showed statistically significant
improvement. Although the GH scores were significantly
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Table 2 Results of sleep related questionnnaire

FD (n=16)
Score, Median [IQR] Variability rates, (%), p value
Median [IQR]
Before taking sleep aids After taking sleep aids
Sleep related questionnaires
Pittsburgh Sleep Quality 10.0 8.5 —184 015
Index (PSQI) [8.3,13.0] [7.0,10.0] [—27.7,0]
Epworth Sleepiness Scale  12.5 5.0 —533 <.001
(ESS) [8.3,15.0] [4.0,7.0] [—66.7, —42.0]
Athens Insomnia Scale 10.0 4.0 —48.1 006
(AIS) [7.3,13.0] [3.0,7.8] [—81.2,—27.2]

FD functional dyspepsia, IQR interquartile range

Table 3 Results of each questionnaire on gastrointestinal symptoms

FD (n=16)
Score, Median [IQR] Variability rates, (%), Median  p value
[IQR]
Before taking sleep aids  After taking sleep aids
Gastrointestinal symptoms
Modified Frequency Scale for the Symptoms of GERD (mFSSG)
Total score 210 16.0 —347 004
[17.0,30.5] [6.0,19.0] [—66.8,+4.2]
Reflux score 8.0 6.0 —388 011
[5.5,14.5] [3.3,838] [—62.7, —3.6]
Dyspepsia score 12.0 85 —44.1 005
[9.0,17.8] [2.0,13.0] [—79.2,—3.6]
Gastrointestinal Symptom Rating Scale (GSRS)
Total Score 44.0 31.0 —314 005
[37.5,54.8] [22.0,40.5] [—46.0,—223]
Reflux 6.5 4.0 —36.7 012
[3.5,9.8] [2.0,6.0] [—575,0]
Abdominal pain 11.0 50 —450 002
[6.3,14.8] [3.0,9.0] [—66.7,—11.8]
Indigestion 11.0 80 —345 004
[8.3,15.8] [5.3,10.8] [—416,—16.0]
Diarrhea 7.0 6.5 0 199
[3.0,9.8] [4.0,8.38] [—295,0]
Constipation 7.5 6.0 —26.2 020
[5.3,11.0] [4.0,88] [—400,—23]
Constipation scoring system (CSS) 6.0 6.0 —10.0 166
[4.3,10.8] [3.0,9.5] [—394,4+6.2]
Japanese Version of the Patient Assessment of Constipation Quality of Life (JPAC—QOL)
Total score 260 155 —304 .005
[17.5,56.8] [9.0,42.5] [—65.3,0]
Physical discomfort 6.0 35 417 009
[4.3,8.0] [2.3,80] [—50.0,0]
Psychological discomfort 55 6.0 —183 030
[4.0,10.8] [2.0,10.8] [—50.0,0]
Worries and concerns 9.5 50 —33.1 009
[6.0,20.8] [0.3,183] [—98.1,—15]
Satisfaction 7.0 50 —4238 012
[2.0,13.8] [0,7.0] [—929,—19]

FD functional dyspepsia, GERD gastroesophageal reflux disease, QR interquartile range
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different after 4-week administration of sleep aids, the
median score was unchanged.

Helicobacter pylori infection

Helicobacter pylori infection is an important pathogene-
sis of FD [30]. Since all patients underwent esophagogas-
troduodenoscopy (EGD) before the clinical diagnosis of
ED, we checked the presence of gastric atrophy [31-33]
in their stomach and their histories of H. pylori eradica-
tion. Out of 16 patients 12 patients did not have gastric
atrophy, which indicates that these patients did not have
H. pylori infection. Although the rest of the patients had
gastric atrophy, three patients had received eradication
therapy several years ago. The titer of immunoglobulin
G for H. pylori in one patient with gastric atrophy with-
out eradication therapy denied H. pylori infection. None
of the patients had undergone eradication therapy within
one year of the study enrollment; therefore, H. pylori
infection would not affect the results of the study. Addi-
tionally, gastritis, gastric ulcer and other organic diseases
were not detected in all patients.

Discussion

This study revealed the effects and clinical impacts of
improved sleep disturbance on GI symptoms in patients
with FD. Improved sleep disturbance by administra-
tion of sleep aids resulted in improved GI symptoms,
anxiety, and QOL. It is interesting that the use of sleep-
inducing drugs was associated with reduced pain as well
as improvement of dyspeptic symptoms in FD patients.

Therefore, it is important to evaluate whether a patient
with FD also has sleep disturbance. If this is the case,
sleep aids could improve the GI symptoms in addition to
sleep disturbance.

All sleep aids used in the present study could affect
gastrointestinal motility, gastric secretion and mucosal
secretion directly. In addition, these drugs could also
affect patients’ nociception directly. y-aminobutyric acid
(GABA) receptor agonists could affect vagally mediated
gastric acid secretion [34—39], mucosal secretion [40] and
gastrointestinal motility [41, 42]. GABA type A (GABA,)
receptor agonists and GABA type B (GABAj) receptor
agonists could have opposite effects on gastric acid secre-
tion. GABA , receptor agonists could increase gastric acid
secretion, while GABA receptor agonists could decrease
it [39]. Therefore, zolpidem and eszopiclone, GABA,
receptor agonists, could increase vagally mediated gastric
acid secretion, and increased gastric acid secretion may
worsen gastrointestinal symptoms in patients with FD.
However, these drugs have also antinociception effects.
Although most reports showed a relationship between
somatic pain and GABA , receptors [43—45], the involve-
ment in visceral pain has also been confirmed [46]. Thus,
these drugs per se might improve symptoms in patients
with FD. Regarding effects of suvorexant on gastrointes-
tinal symptoms, orexin could regulate mucosal secre-
tion [47], and could increase gastric acid secretion [48]
and gastrointestinal motility [49-51]. An orexin recep-
tor antagonist, suvorexant, may therefore inhibit gastric
acid secretion, which could improve patients’ symptoms.
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Table 4 Results of each questionnaire on psychological condition and QOL

FD (n=16)
Score, Median [IQR] Variability rates, (%), Median p value
[1QR]
Before taking sleep aids After taking sleep aids
Psychological condition
Hospital Anxiety and Depression Scale (HADS)
Total Score 13.0 12.5 —159 030
[10.3,19.8] [6.3,17.0] [—376,+12.5]
HADS-A 75 6.0 —96 020
[6.0,10.5] [4.0,9.8] [—42.2,0]
HADS-D 6.0 55 —236 140
[4.0,9.8] [3.0,88] [—333,+125]
QoL
The Short-Form 36-Item Health Survey (SF-36)
Total score 63.9 719 +50 017
[423,71.2] (583,77.3] [0,+33.6]
Physical functioning (PF) 80.0 90.0 +53 011
[70.0,90.0] [75.0,100.0] [0,4+125]
Role physical (RP) 75.0 75.0 0 556
[56.3,100.0] (62.5,93.8] [—11.2,4500]
Bodily Pain (BP) 410 520 4355 001
[22.0,52.0] [41.0,72.0] [+ 19.6,+86.4]
General health (GH) 450 450 +218 007
[15.0,57.0] [35.0,67.0] [0,+66.7]
Vitality (VT) 438 50.0 +11.0 306
[31.3,56.3] [37.5,62.5] [—16.5,4+50.0]
Social functioning (SF) 75.0 87.5 +16.7 009
[37.5,75.0] [62.5,100.0] [0,+33.3]
Role emotional (RE) 833 91.7 0 207
[58.3,100.0] [66.7, 100.0] [—16.6,+42.9]
Mental health (MH) 60.0 65.0 0 282
[50.0, 75.0] [50.0, 80.0] [0,+33.3]

FD functional dyspepsia, HADS-A hospital anxiety and depression scale- anxiety subscale, HADS-D hospital anxiety and depression scale- depression subscale, QOL

quality of life, IQR interquartile range

However, orexin is also involved in stress-induced anal-
gesia [52-54] and is involved in antinociceptive effects
on visceral perception [55]. Therefore, suvorexant could
worsen patients’ symptoms. In fact, gastrointestinal
symptoms in the patient receiving suvorexant in the pre-
sent study were worsened after suvorexant administra-
tion. However, clinical trials with suvorexant showed that
side effects of suvorexant associated with gastrointesti-
nal symptoms have been infrequent [56]. It is necessary
to confirm the effects of suvorexant on gastrointestinal
symptoms in patients with FD by further studies. When
the patient receiving suvorexant was excluded from the
study, the results, except those related to anxiety, were
not changed. The total HADS score was also decreased,
if the patient on suvorexant was excluded; however, the
difference did not reach statistical significance.

In terms of the pathogenesis of symptoms in patients
with FD, sleep disturbance itself could cause chronic pain
[57] and visceral hypersensitivity [8]. Our data cannot

address whether improvement of sleep disturbance could
result in improvement of GI symptoms, whether sleep
aids per se could cause the improvement, or whether
both factors could contribute to the improvement.

It is known that the incidence of behavioral abnormali-
ties and sleep disturbance is higher in patients with FD
than those without FD [2]. Several reports have shown
that cognitive or behavioral therapy was effective in
patients with FD [58, 59] as well as sleep disturbance [60].
Although there is no study in which effects of cognitive
behavioral therapy for insomnia on GI symptoms are
evaluated, improvement of sleep disturbance by cogni-
tive behavioral therapy may reduce GI symptoms in FD
patients with sleep disturbance if improvement of sleep
disturbance, not the direct effect of sleep aids, is impor-
tant for improvement of GI symptoms. In addition, cog-
nitive behavioral therapy for both insomnia and FD could
be applied. Since cognitive sleep therapy does not have
any adverse effect, cognitive behavioral therapy could be
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performed in FD patients with sleep disturbance before
sleep aids administration.

Gender differences may exist in the pathophysiology
of FD [61, 62]. Although little is known, gender differ-
ences in gastric emptying [63], visceral perception [64—
66], ghrelin [67, 68] and altered functional connectivity
of the amygdala [69] have been proposed to be involved
in the pathophysiology of FD. When scores were com-
pared between genders in the present study, total scores
of PSQI, reflux symptoms in mFSSG and total scores
in HADS were significantly more improved in females
than in males. However, other scores were not different
between the two groups. Nevertheless, the number of
patients may not be sufficient to evaluate the gender dif-
ferences. In addition, we did not check the status of men-
opause in female patients. Further studies are required to
address this point.

Although there were significant improvements in
patients’ symptoms over the study period, their GI symp-
toms did not completely disappear. Thus, it is necessary
to continue treatment with standard therapeutic agents
for FD if sleep aids are used for sleep disturbance.

Interestingly, the scores for not only FD symptoms but
also reflux and constipation symptoms in the mFSSG,
GSRS, and JPAC-QOL were also significantly improved
after administration of sleep aids. Many patients with FD
have other GI disorders, such as GERD, chronic consti-
pation or IBS. Regarding reflux symptoms, it is known
that sleep disturbance may induce esophageal hyper-
sensitivity [9]. The improvement of reflux symptoms in
patients with FD overlapped with GERD could be related
to pain modulation by sleep aids. Regarding constipation,
the CSS includes items involved bowel habits as well as
symptoms. The number of questions related to bowel
habits is much higher than the number of questions
related to symptoms; therefore, the CSS can be used to
evaluate bowel habits rather than symptoms. Total scores
in the CSS were not changed, which indicated that bowel
habits were not changed after administration of sleep
aids. However, symptoms related to constipation were
significantly improved. Only four patients in this study
had constipation, which may be an inadequate number
of patients for analysis. However, it is known that some
patients with hidden constipation symptoms do not rec-
ognize that they have constipation [70]. If this kind of
patients were present in the study, the effects of sleep aids
on constipation might have been related to administra-
tion of sleep aids or to placebo effects. Further studies are
required to confirm these results.

The present study has several limitations. First, this
was a single-arm study and placebo agents were not used.
This is important because symptoms attributable to a
functional GI disorder such as FD could be affected by
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placebo sleep aids in terms of treatment. Therefore, rand-
omized controlled trial should be planned in the future to
confirm our results. Second, only zolpidem, eszopiclone,
and suvorexant were used as sleep aids, and compari-
son with melatonin was not conducted. Third, the study
included a small number of patients, although the sample
was sufficient to validate the primary endpoint according
to the calculation of sample size. We were unable to com-
pare EPS with PDS and to analyze causal relationships
between improvement of GI symptoms and other factors
using a regression analysis because of the small number
of cases. In addition, there were two kinds of patients:
patients with FD who did not receive the standard ther-
apy and those who had refractory symptoms against the
standard therapy. Furthermore, all patients analyzed in
the study received care by one physician only. The rela-
tionship between patient and physician could affect study
outcomes. Further multicenter studies involving a larger
number of cases and enrolling FD patients without the
standard therapy are necessary. Fourth, all question-
naires were only completed before taking sleep aids and
after a 4-week administration of these agents. The long-
term outcomes after administration of sleep aids there-
fore remain unclear and should be investigated in future
studies. Finally, only FD patients with sleep disturbance
were enrolled in the study. It is not known whether sleep
aids could have additional effects on FD patients without
sleep disturbance.

Conclusions

Improvement of sleep disturbance by sleep aids admin-
istration resulted in improvement of GI symptoms, anxi-
ety, and QOL in patients with FD. These effects may be
related to pain modification.

Abbreviations

FD: Functional dyspepsia; PDS: Post-prandial distress syndrome; EPS: Epigastric
pain syndrome; GERD: Gastroesophageal reflux disease; NERD: Non-erosive
reflux disease; PPI: Proton-pump inhibitor; IBS: Irritable bowel syndrome; QOL:
Quiality of life; PSQI: Pittsburgh Sleep Quality Index; ESS: Epworth Sleepiness
Scale; AIS: Athens Insomnia Scale; mFSSG: Modified Frequency Scale for

the Symptoms of Gastroesophageal Reflux Disease; GSRS: Gastrointestinal
Symptom Rating Scale; CSS: Constipation Scoring System; JPAC-QOL: Japa-
nese version of the Patient Assessment of Constipation Quality of Life; HADS:
Hospital Anxiety and Depression Scale; SF-36: Short-form 36-Item Health Sur-
vey; HRQOL: Health-Related Quality of Life; PF: Physical functioning; RP: Role
physical; BP: Bodily pain; GH: General health; VT: Vitality; SF: Social functioning;
RE: Role emotional; MH: Mental health; IQR: Interquartile range.

Acknowledgements

The authors thank Dr. Kazue Nagai for her contribution in statistical analyses
and Dr. Yukako Nemoto for the patient referrals. The English language was
reviewed by native English speakers (Edanz Inc., Fukuoka, Japan and NAI, Inc,,
Yokohama, Japan).

Authors’ contributions
FN is responsible for acquisition of data, analysis and interpretation of data,
drafting of the manuscript, statistical analysis and drafting of the manuscript.



Nakamura et al. BMC Gastroenterol (2021) 21:78

SKis responsible for study concept and design, analysis and interpretation
of data, drafting of the manuscript. FT is responsible for acquisition of data.
NK; YF, KI, MK and TU are responsible for study concept and design and study
supervision. All authors read and approved the final manuscript.

Funding
This work was supported by Japan Society for the Promotion of Science (JSPS)
KAKENH! for Early-Career Scientists Grant Number JP18K15772.

Availability of data and materials
The datasets analyzed during the current study are available from the cor-
responding author on reasonable request.

Ethics approval and consent to participate

All patients gave written informed consent for this study, which was per-
formed in accordance with the World Medical Association Declaration of
Helsinki. The study protocol was approved by the Institutional Review Board
at Gunma University Hospital (Reference Number: 1624; March 29, 2018),
Kohseichuo General Hospital (Reference Number: 2018-3; November 28, 2018)
and Osaka City University Graduate School of Medicine (Reference Number:
4140; September 27, 2018).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

! Department of Gastroenterology and Hepatology, Gunma University
Graduate School of Medicine, 3-39-15 Showa-machi, Maebashi City, Gunma
371-8511, Japan. ? Digestive Disease Center, Kohseichuo General Hospital,
1-11-7 Mita, Meguro-ku, Tokyo 153-8581, Japan. ® Department of Gastroen-
terology, Osaka City University Graduate School of Medicine, 1-5-7 Asahi-cho,
Abeno-ku, Osaka 545-8586, Japan. * Department of Gastroenterology, Nippon
Medical School Graduate School of Medicine, 1-1-5 Sendagi, Bunkyo-ku,
Tokyo 113-8602, Japan.

Received: 4 November 2020 Accepted: 4 February 2021
Published online: 18 February 2021

References

1. Jiang SM, Jia L, Lei XG, et al. Incidence and psychological-behavioral char-
acteristics of refractory functional dyspepsia: a large, multi-center, pro-
spective investigation from China. World J Gastroenterol. 2015;21:1932-7.

2. TuQ, Heitkemper MM, Jarrett ME, et al. Sleep disturbances in irrita-
ble bowel syndrome: a systematic review. Neurogastroenterol Motil.
2017;29:e12946.

3. Lei WY, Chang WC, Wong MW, et al. Sleep disturbance and its association
with gastrointestinal symptoms/diseases and psychological comorbidity.
Digestion. 2019;99:205-12.

4. Futagami S, Yamawaki H, Izumi N, et al. Impact of sleep disorders in
Japanese patients with functional dyspepsia (FD): nizatidine improves
clinical symptoms, gastric emptying and sleep disorders in FD patients. J
Gastroenterol Hepatol. 2013;28:1314-20.

5. Kim SY, Choung RS, Lee SK, et al. Self-reported sleep impairment in
functional dyspepsia and irritable Bowel syndrome. J Neurogastroenterol
Motil. 2018,;24:280-8.

6. Klupinska G, Poplawski T, Drzewoski J, et al. Therapeutic effect of
melatonin in patients with functional dyspepsia. J Clin Gastroenterol.
2007;41:270-4.

7. Zybach K, Friesen CA, Schurman JV. Therapeutic effect of melatonin on
pediatric functional dyspepsia: a pilot study. World J Gastrointest Pharma-
col Ther. 2016;7:156-61.

8. Schey R, Dickman R, Parthasarathy S, et al. Sleep deprivation is hyperal-
gesic in patients with gastroesophageal reflux disease. Gastroenterology.
2007;133:1787-95.

20.

AR

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

Page 9 of 10

Jha LK, Fass R, Gadam R, et al. The effect of ramelteon on heartburn
symptoms of patients with gastroesophageal reflux disease and chronic
insomnia: a pilot study. J Clin Gastroenterol. 2016;50:219-24.
StanghelliniV, Chan FK, Hasler WL, et al. Gastroduodenal disorders. Gas-
troenterology. 2016;150:1380-92.

. DoiY, Minowa M, Uchiyama M, et al. Psychometric assessment of subjec-

tive sleep quality using the Japanese version of the Pittsburgh Sleep
Quality Index (PSQI-J) in psychiatric disordered and control subjects.
Psychiatry Res. 2000;,97:165-72.

Rossi A, Stratta P, D'Albenzio L, et al. Reduced temporal lobe area in
schizophrenia by magnetic resonance imaging: preliminary evidence.
Psychiatry Res. 1989;29:261-3.

Johns MW. A new method for measuring daytime sleepiness: the
Epworth sleepiness scale. Sleep. 1991;14:540-5.

Takegami M, Suzukamo Y, Wakita T, et al. Development of a Japanese
version of the Epworth Sleepiness Scale (JESS) based on item response
theory. Sleep Med. 2009;10:556-65.

Soldatos CR, Dikeos DG, Paparrigopoulos TJ. Athens Insomnia Scale:
validation of an instrument based on ICD-10 criteria. J Psychosom Res.
2000;48:555-60.

Soldatos CR, Dikeos DG, Paparrigopoulos TJ. The diagnostic validity of the
Athens Insomnia Scale. J Psychosom Res. 2003;55:263-7.

Okajima I, Nakajima S, Kobayashi M, et al. Development and validation
of the Japanese version of the Athens Insomnia Scale. Psychiatry Clin
Neurosci. 2013;67:420-5.

Kusano M, Shimoyama'Y, Sugimoto S, et al. Development and evalua-
tion of FSSG: frequency scale for the symptoms of GERD. J Gastroenterol.
2004;39:888-91.

Kusano M, Hosaka H, Kawada A, et al. Development and evaluation of a
modified Frequency Scale for the Symptoms of Gastroesophageal Reflux
Disease to distinguish functional dyspepsia from non-erosive reflux
disease. J Gastroenterol Hepatol. 2012,27:1187-91.

Revicki DA, Wood M, Wiklund |, et al. Reliability and validity of the Gastro-
intestinal Symptom Rating Scale in patients with gastroesophageal reflux
disease. Qual Life Res. 1998;7:75-83.

Agachan F, Chen T, Pfeifer J, et al. A constipation scoring system to
simplify evaluation and management of constipated patients. Dis Colon
Rectum. 1996,39:681-5.

McShane RE, McLane AM. Constipation. Consensual and empirical valida-
tion. Nurs Clin North Am. 1985;20:801-8.

Nomura H, Agatsuma T, Mimura T. Validity and reliability of the Japanese
version of the Patient Assessment of Constipation Quality of Life ques-
tionnaire. J Gastroenterol. 2014;49:667-73.

Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta
Psychiatr Scand. 1983;67:361-70.

Kugaya A, Akechi T, Okuyama T, et al. Screening for psychological distress
in Japanese cancer patients. Jon J Clin Oncol. 1998;28:333-8.

Fukuhara S, Bito S, Green J, et al. Translation, adaptation, and valida-

tion of the SF-36 Health Survey for use in Japan. J Clin Epidemiol.
1998;51:1037-44.

Lie JD, Tu KN, Shen DD, et al. Pharmacological treatment of insomnia.
Pharm Ther. 2015;40:759-71.

Ramirez AD, Gotter AL, Fox SV, et al. Dual orexin receptor antagonists
show distinct effects on locomotor performance, ethanol interaction
and sleep architecture relative to gamma-aminobutyric acid-A receptor
modulators. Front Neurosci. 2013;7:254.

Uslaner JM, Tye SJ, Eddins DM, et al. Orexin receptor antagonists differ
from standard sleep drugs by promoting sleep at doses that do not
disrupt cognition. Sci Transl Med. 2013;5:179ra44.

Moayyedi P, Soo S, Deeks J, et al. Eradication of helicobacter pylori for
non-ulcer dyspepsia. Cochrane Database Syst Rev. 2006;2:CD002096.
Kimura K, Takemoto T. An endoscopic recognition of the atrophic border
and its significance in chronic gastritis. Endoscopy. 1969;3:87-97.

Sakae H, lwamuro M, Okamoto Y, et al. Evaluation of the usefulness

and convenience of the Kyoto classification of gastritis in the endo-
scopic diagnosis of the helicobacter pylori infection status. Digestion.
2020;101:771-8.

. Yoshii S, Mabe K, Watano K, et al. Validity of endoscopic features for the

diagnosis of Helicobacter pylori infection status based on the Kyoto clas-
sification of gastritis. Dig Endosc. 2020;32:74-83.



Nakamura et al. BMC Gastroenterol

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

(2021) 21:78

Stacher G, Starker D. Inhibitory effect of bromazepam on basal and
betazole-stimulated gastric acid secretion in man. Gut. 1974;15:116-20.
Levine AS, Morley JE, Kneip J, et al. Muscimol induces gastric acid secre-
tion after central administration. Brain Res. 1981:229:270-4.

Goto 'Y, Debas HT. GABA-mimetic effect on gastric acid secretion. Possible
significance in central mechanisms. Dig Dis Sci. 1983;28:56-9.
Goto Y, Tache Y, Debas H, et al. Gastric acid and vagus nerve response to
GABA agonist baclofen. Life Sci. 1985,36:2471-5.

Tsai LH, Taniyama K, Tanaka C. gamma-Aminobutyric acid stimulates
acid secretion from the isolated guinea pig stomach. Am J Physiol.
1987;253.G601-6.

DelTacca M, Blandizzi C, Bernardini MC. Central GABAA excitatory and
GABAB inhibitory receptors regulate gastric acid secretion in rats. Eur J
Pharmacol. 1990;177:189-94.

MacNaughton WK, Pineau BC, Krantis A. gamma-Aminobutyric acid
stimulates electrolyte transport in the guinea pig ileum in vitro. Gastroen-
terology. 1996;110:498-507.

Williford DJ, Ormsbee HS 3rd, Norman W, et al. Hindbrain GABA recep-
tors influence parasympathetic outflow to the stomach. Science.
1981;214:193-4.

Horita T, Koyama K, Takemi S, et al. GABAergic and glutamatergic neurons
in the brain regulate phase Il of migrating motor contractions in the
Suncus murinus. J Smooth Muscle Res. 2018;54:91-9.

Rode F, Jensen DG, Blackburn-Munro G, et al. Centrally-mediated antino-
ciceptive actions of GABA(A) receptor agonists in the rat spared nerve
injury model of neuropathic pain. Eur J Pharmacol. 2005;516:131-8.
Mirza NR, Munro G. The role of GABA(A) receptor subtypes as analgesic
targets. Drug News Perspect. 2010;23:351-60.

Munro G, Hansen RR, Mirza NR. GABA(A) receptor modulation: potential
to deliver novel pain medicines? Eur J Pharmacol. 2013;716:17-23.
Sengupta JN, Pochiraju S, Kannampalli P, et al. MicroRNA-mediated
GABA Aalpha-1 receptor subunit down-regulation in adult spinal cord
following neonatal cystitis-induced chronic visceral pain in rats. Pain.
2013;154:59-70.

Bengtsson MW, Makela K, Sjoblom M, et al. Food-induced expression

of orexin receptors in rat duodenal mucosa regulates the bicarbonate
secretory response to orexin-A. Am J Physiol Gastrointest Liver Physiol.
2007,293:G501-9.

Takahashi N, Okumura T, Yamada H, et al. Stimulation of gastric acid
secretion by centrally administered orexin-A in conscious rats. Biochem
Biophys Res Commun. 1999;254:623-7.

Kirchgessner AL, Liu M. Orexin synthesis and response in the gut. Neuron.
1999,24:941-51.

Kobashi M, Furudono Y, Matsuo R, et al. Central orexin facilitates gastric
relaxation and contractility in rats. Neurosci Lett. 2002;332:171-4.
Krowicki ZK, Burmeister MA, Berthoud HR, et al. Orexins in rat dorsal
motor nucleus of the vagus potently stimulate gastric motor function.
Am J Physiol Gastrointest Liver Physiol. 2002;283:G465-72.

Ida T, Nakahara K, Murakami T, et al. Possible involvement of orexin in the
stress reaction in rats. Biochem Biophys Res Commun. 2000,270:318-23.
Heidari-Oranjaghi N, Azhdari-Zarmehri H, Erami E, et al. Antagonism

of orexin-1 receptors attenuates swim- and restraint stress-induced
antinociceptive behaviors in formalin test. Pharmacol Biochem Behav.
2012;103:299-307.

54.

55.

56.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Page 10 of 10

Lee MT, Chiu YT, Chiu YC, et al. Neuropeptide S-initiated sequential
cascade mediated by OX1, NK1, mGlu5 and CB1 receptors: a pivotal role
in stress-induced analgesia. J Biomed Sci. 2020;27:7.

Okumura T, Nozu T, Kumei S, et al. Antinociceptive action against colonic
distension by brain orexin in conscious rats. Brain Res. 2015;1598:12-7.
Michelson D, Snyder E, Paradis E, et al. Safety and efficacy of suvorexant
during 1-year treatment of insomnia with subsequent abrupt treatment
discontinuation: a phase 3 randomised, double-blind, placebo-controlled
trial. Lancet Neurol. 2014;13:461-71.

. Andersen ML, Araujo P, Frange C, et al. Sleep disturbance and pain: a tale

of two common problems. Chest. 2018;154:1249-59.

. Teh KK, Ng YK, Doshi K, et al. Mindfulness-based cognitive therapy in

functional dyspepsia: A pilot randomized trial. J Gastroenterol Hepatol
2020 (in press).

. Tavakoli T, Hoseini M, Tabatabaee TSJ, et al. Comparison of dialectical

behavior therapy and anti-anxiety medication on anxiety and diges-
tive symptoms in patients with functional dyspepsia. J Res Med Sci.
2020;25:59.

Trauer JM, Qian MY, Doyle JS, et al. Cognitive behavioral therapy for
chronic insomnia: a systematic review and meta-analysis. Ann Intern
Med. 2015;163:191-204.

Kim SE, Park HK, Kim N, et al. Prevalence and risk factors of functional
dyspepsia: a nationwide multicenter prospective study in Korea. J Clin
Gastroenterol. 2014;48:e12-8.

KimYS, Kim N. Functional dyspepsia: a narrative review with a focus on
sex-gender differences. J Neurogastroenterol Motil. 2020,26:322-34.
Mori H, Suzuki H, Matsuzaki J, et al. Gender difference of gastric emptying
in healthy volunteers and patients with functional dyspepsia. Digestion.
2017;95:72-8.

Chial HJ, Camilleri C, Delgado-Aros S, et al. A nutrient drink test to assess
maximum tolerated volume and postprandial symptoms: effects of
gender, body mass index and age in health. Neurogastroenterol Motil.
2002;14:249-53.

Meerveld BG, Johnson AC. Mechanisms of stress-induced visceral pain. J
Neurogastroenterol Motil. 2018;24:7-18.

Hellstrom B, Anderberg UM. Pain perception across the menstrual cycle
phases in women with chronic pain. Percept Mot Skills. 2003;96:201-11.
Shinomiya T, Fukunaga M, Akamizu T, et al. Plasma acylated ghrelin levels
correlate with subjective symptoms of functional dyspepsia in female
patients. Scand J Gastroenterol. 2005;40:648-53.

ChoiYJ, Park YS, Kim N, et al. Gender differences in ghrelin, nociception
genes, psychological factors and quality of life in functional dyspepsia.
World J Gastroenterol. 2017;23:8053-61.

Zeng F, Sun R, He Z, et al. Altered functional connectivity of the amygdala
and sex differences in functional dyspepsia. Clin Trans| Gastroenterol.
2019;10:e00046.

Raahave D, Loud FB. Additional faecal reservoirs or hidden constipation:
a link between functional and organic bowel disease. Dan Med Bull.
2004;51:422-5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Impact of improvement of sleep disturbance on symptoms and quality of life in patients with functional dyspepsia
	Abstract 
	Backgroundaims: 
	Methods: 
	Results: 
	Conclusions: 

	Introduction
	Materials and methods
	Subjects
	Questionnaires
	Pittsburgh Sleep Quality Index
	Epworth Sleepiness Scale
	Athens Insomnia Scale
	Modified Frequency Scale for the Symptoms of GERD
	Gastrointestinal Symptom Rating Scale
	Constipation Scoring System
	Patient Assessment of Constipation Quality of Life
	Hospital Anxiety and Depression Scale
	Medical Outcome Trust 36-Item Short-Form Health Survey

	Study protocol
	Sleep aids
	Primary and secondary outcomes
	Sample size
	Statistical analysis

	Results
	Patients’ characteristics
	Effect of sleep aids on sleep disturbance
	Effect of sleep aids on GI symptoms
	Effect of sleep aids on psychological condition
	Effect of sleep aids on QOL
	Helicobacter pylori infection

	Discussion
	Conclusions
	Acknowledgements
	References


